The occurrence of drug resistance and plasmid-mediated transferability was investigated in 170 strains belonging to eight bacterial groups isolated from cultured rainbow trout. It was found that 87.6% of the strains were resistant to at least one drug, with the highest percentages of resistance being detected for ampicillin (54.7%), sulfadiazine (46.5%), nitrofurantoin (38.2%), and chloramphenicol (37.0%). Six enterobacteria, two Vibrio, and one Aeromonas isolate transferred resistance factors to Escherichia coli K-12. The most common transmissible R factor determined resistance to chloramphenicol and sulfadiazine, demonstrating an association between a specific plasmid and the resistance pattern transferred. The presence of chloramphenicol in fish food was detected by bioassay. In general, transfer frequencies were similar in primary and secondary matings, which indicate the potential water-borne dissemination of these R plasmids.
The occurrence of drug resistance and plasmid-mediated transferability was investigated in 170 strains belonging to eight bacterial groups isolated from cultured rainbow trout. It was found that 87.6% of the strains were resistant to at least one drug, with the highest percentages of resistance being detected for ampicillin (54.7%), sulfadiazine (46.5%), nitrofurantoin (38.2%), and chloramphenicol (37.0%). Six enterobacteria, two Vibrio, and one Aeromonas isolate transferred resistance factors to Escherichia coli K-12. The most common transmissible R factor determined resistance to chloramphenicol and sulfadiazine, demonstrating an association between a specific plasmid and the resistance pattern transferred. The presence of chloramphenicol in fish food was detected by bioassay. In general, transfer frequencies were similar in primary and secondary matings, which indicate the potential water-borne dissemination of these R plasmids.
The extensive use of antibiotics and other chemotherapeutics in fish farms as feed additives or the direct administration thereof into fish pond water, to prevent and treat fish diseases, has resulted in an increase of drug-resistant bacteria as well as R plasmids (2, 3, 16, 25, 28) . Cells possessing plasmids can regulate their adaptation properties to the natural environment by changing the plasmid number therein or by increasing the resistant genes located in the plasmid. Bacterial plasmids coding for drug resistance have created serious problems in chemotherapy; if these drugs are used indiscriminately over an extended period of time, it will soon be impossible to control bacterial diseases of cultured fish owing to the favored persistance of the R factors (4) .
Drug resistance and other plasmid-mediated properties such as virulence or enterotoxin production (10, 12, 14) have the capacity to transfer to related or unrelated bacteria in aquaculture systems. Thus, the presence of conjugative plasmids in fish bacteria is recognized as indicative of a potential human health hazard, since plasmids can be transferred to human pathogens present in the fish tanks (5, 9, 17, 27) . Therefore, epidemiological studies are of importance in learning how to prevent the spread of these R plasmids.
The antibiotic resistance and plasmid content of representative fish pathogens from various culture collections was previously reported (26) . In this study, we present the incidence of drug resistance in bacteria isolated from cultured rainbow trout in northwest Spain and of conjugative transferability of the R factors in evaluating their potential spread in fish culture systems. The plasmid profiles of these resistant bacteria were determined, thereby achieving the characterization of the R plasmids transferred.
A total of 170 bacterial isolates were used from diseased and healthy rainbow trout (Salmo gairdneri) reared in a freshwater hatchery, as well as from water tanks. As described by Shotts and Bullock (24) and McDaniel (21) , the strains were differentiated into eight bacterial groups: Pseudomonas-Xanthomonas species, Aeromonas species, Vibrio species, enterobacteria, Flavobacterium-Cytophaga species, Moraxella-Acinetobacter species, corynebacteria, and gram-positive cocci (A. E. Toranzo, P. Combarro, Y. Conde, and J. L. Barja, Abstr. 1st E.A.F.P. Intern. Conf., Plymouth, England, abstr. no. P-32, 1983). All strains were maintained on tryptic soy agar (Difco Laboratories) under mineral oil.
Bacterial isolates were assayed for resistance to ten antimicrobial agents by the disk diffusion method of Barry and Thornsberry (7) on Mueller-Hinton agar (Oxoid Ltd.). The following antibiotics and chemotherapeutics (in micrograms per disk; BBL Microbiology Systems) were employed: chloramphenicol, 30; streptomycin, 10; tetracycline, 30; gentamicin, 10; kanamycin, 30; erythromycin, 15; ampicillin, 10; nalidixic acid, 30; sulfadiazine, 300, and nitrofurantoin, 300. A strain was considered resistant to a determinate drug only if no growth inhibition zone was observed around the disk. Strains belonging to the bacterial groups (except grampositive cocci) which were found to be resistant to one or more antibiotics were regarded as potential donors for the mating assays.
Escherichia coli K-12 185 nalidixic acid-resistant (Nar), E. coli K-12 711 streptomycin-resistant (Sr lac-), and E. coli K-12 ampicillin-resistant (Amr) strains were used as recipients for conjugal transfer of R factors. A bromothymol bluelactose-nutrient agar medium prepared by adding 0.0045% bromothymol blue-1% lactose to the nutrient agar (28) was utilized for mating assays.
Conjugal transfer assays. Each potential donor was incubated overnight in tryptic-soy-broth at 25°C, and E. coli recipient strains were incubated in the same medium at 37°C to an equal density. Overnight donor and recipient cultures were mixed to a 1:2 ratio in 50-ml Erlenmeyer flasks. Matings were performed at 25°C and interrupted at 4 and 18 h. At these time intervals, 10-fold serial dilutions of each mating mixture were spread on plates of bromothymol bluelactose medium supplemented with 100 ,ug of nalidixic acid, streptomycin, or ampicillin per ml (depending on the E. coli used as the recipient) and 25 ,ug of selected drugs per ml to which the potential donors were resistant. Colonies growing in this double-inhibitor-supplemented medium after 24 to 48 h of incubation at 37°C were scored as presumptive transconjugants, and the frequency of transfer was calculated as the number of transconjugants per initial number of donors.
NOTES
Ten or more transconjugants from each mating were picked and tested for their biochemical characteristics and antibiotic resistance.
Mating experiments among the bacterial fish isolates were also conducted with two plasmidless fish strains that could be selected in an appropriate medium as the recipients: Vibrio sp. strain P-226 (sensitive strain) selected on thiosulfate-citrate-bile-sucrose agar and Xanthomonas sp. strain P-1510 (Kr Nar) selected on tryptic soy agar plus 100 jig of kanamycin or nalidixic acid per ml. In both cases, the media were supplemented with 25 pg of the drugs per ml to which the donor strains were resistant. These matings were performed as above described, but the incubation temperature used in all of the steps was 25°C.
To evaluate the potential spreading of the R+ factors present in the fish bacteria, two or three transconjugants obtained from each primary mating (R+ fish strain x E. coli K-12 Nar) were employed as donors in "secondary matings" with E. coli K-12 Sr and E. coli K-12 Amr as recipient strains. Transconjugants from these retransfer assays were selected on media which contained 100 ,ug of streptomycin or ampicillin per ml and 25 ,ug of chloramphenicol, tetracycline, or streptomycin per ml.
Plasmid isolation and gel electrophoresis. The plasmid content of potential donors and transconjugants was basically detected by a modification (26) of the Kado and Liu method (18) . Portions of DNA samples were electrophoresed through 0.7% agarose (type I; Sigma Chemical Co.) in Tris-acetate buffer (40 mM Tris, 2 mM Na2-EDTA; adjusted to pH 7.9 with glacial acetic acid) at 150 V and 110 mA during 4 h with a horizontal apparatus. The gels were stained in 0.5 [Lg of ethidium bromide solution per ml and photographed through a UV transilluminator (La Jolla Scientific Co., Inc.) with Plus-X-Pan film and a 23A Wratten filter. Molecular weights of the plasmids in the fish strains were calculated by using, as reference, plasmids R27 [112 megadaltons (Md)], R40a (96 Md), Rl (62 Md), Sa (25 Md), and plasmids from E. coli V517 ranging from 35.8 to 1.4 Md.
Detection of drugs in the fish food diet. Because of the lack of regulations in Spain on the use of drugs in fish culturing, as well as no information provided by the manufacturer, we carried out an assay to monitor the type(s) of antimicrobial agents added to fish food.
In the initial screening, the fish food pellets were blended in phosphate-buffered saline (pH 7.4) and assayed for antibiotic activity by placing the disks containing 20 ,ul of the Am E C Fd S Te Na Am S K Gm Sd Na Am E C Fd Sd Na Am E C Fd Na Am C Fd Sd Na Am E Fd Na to chloramphenicol and nitrofurantoin were associated mainly with Pseudomonas isolates (66.6 and 76.0%, respectively); the predominant drug resistance pattern was ampicillinerythromycin-chloramphenicol-nitrofurantoin-nalidixic acid (Am E C Fd Na). In the Aeromonas group, most of the strains showed the drug resistance pattern ampicillin-sulfadiazine (Am Sd). The Vibrio strains exhibited drug resistances that were more closely related to Aeromonas strains, with the combinations ampicillin-sulfadiazine (Am Sd) and ampicillin-chloramphenicol ( (Tables 1 and 2 ). Despite the relative high number of Pseudomonas-Xanthomonas strains tested, we could not detect any transferable R factor in this bacterial group. Flavobacterium-Cytophaga, Moraxella-Acinetobacter, and corynebacteria strains also presented no transmissible resistances. Table 2 shows the resistance patterns and plasmid content of the nine donor strains as well as the R factors transferred with the correspondent frequencies to each selective resistance marker. The most common type of R factor determined resistance to chloramphenicol and sulfadiazine, although resistances to tetracycline and streptomycin were also transmitted in different associations. The highest transfer frequencies were found in the enterobacteria group, which ranged from 8.0 x 10-6 in Sr transconjugant clones from Enterobacter sp. strain P-174 to 3.1 x 10-4 in Sdr transconjugant clones from Enterobacter sp. strain P-116. The lowest frequency was displayed for streptomycin resistance transfer in Aeromonas sp. strain P-271. We carried out conjugal assays with the bacteria exhibiting donor capacity to E. coli K-12 to determine their drug resistance transferability to other selected fish strains. No transconjugants were obtained in matings with either Vibrio sp. strain P-226 or Xanthomonas sp. strain P-1510 as recipients, regardless of the selected drug markers.
Determination of the plasmid profiles by agarose gel electrophoresis, in the resistant bacteria tested as donors in the mating assays, revealed that 58.0% of the strains carried at least one plasmid, and the majority of them (61.0%) were multiplasmidic. Plasmids ranging from 20 to 100 Md were detected in half of the strains harboring plasmids. As could be expected, all strains with no plasmid or only carrying lowmolecular-weight plasmids did not exhibit drug resistance transfer. Analysis of the plasmid content of donor and transconjugant strains allowed us to associate a specific plasmid with the resistance factor transferred ( (determining chloramphenicol and tetracycline resistances) originally present in Vibrio sp. strain P-41, regardless of the E. coli strain used as the recipient in the secondary matings.
Only when E. coli K-12 Sr strain was employed as the recipient were transfer frequencies similar in primary and secondary conjugal assays. The electrophoretic assays conducted to identify the drug(s) incorporated into the fish diet allowed us to conclude (by comparing the mobilities of the samples in both agar and agarose) that chloramphenicol was the only drug present in the food extracts. This finding supported the relatively high levels of chloramphenicol resistance detected in all of the bacterial groups as well as the fact that the most common transmissible R factor determined resistance to this antibiotic.
It has been demonstrated repeatedly that the use of low levels of antibiotics, either as prophylactic medication or for nutritional purposes, may give rise to populations of drugresistant microorganisms which, in an outbreak of fish disease, would not respond to the usual therapy. This increase of drug resistance in aquaculture has necessitated the development and screening of new chemicals for the exclusive treatment of fishes (22) .
In this study, a very high percentage of multiresistant strains offish pathogens in the range reported previously (26) and by other authors in fish culture systems (2, 16, 28) was donor cells per milliliter after 18 h at 25°C.
found within all of the bacterial groups. However, we have detected wide differences among bacterial groups in the percentages of resistance to a particular drug (i.e., chloramphenicol and nitrofurantoin) (Fig. 1) . Kelch and Lee (20) , in comparing the drug resistance patterns of gram-negative bacteria from various environmental sources found, similarly to us, great numbers of Pseudomonas isolates that were resistant to chloramphenicol and nitrofurantoin, regardless of the isolation source, which could suggest that these resistances are a characteristic of the genus. The increase in the number of tetracycline-resistant strains (from 15.3 to 32.0%), considering the clinical criteria, indicates that standardized drug sensitivity testing procedures and precise zone diameter interpretative standards for fish bacteria need to be developed (15) .
The assays carried out to detect transmissible R factors in our fish strains (Tables 1 and 2) showed that enterobacteria exhibited the greatest capacity of drug resistance transfer, which can be attributed to the use of E. coli strains as recipients. The drug resistance markers present in our R+ factors-bearing strains are similar to those reported by other authors in a variety of gram-negative bacteria isolated from healthy and diseased fish, as well as from water tanks (2, 3, 16, 25) . In contrast with these studies, we have observed a low incidence of R+ factors in Aeromonas It has been reported (4) that the changes in drug resistances in fish strains can be correlated with the drugs employed in culture systems. Thus, the selective pressure exercised by chloramphenicol present in the fish diet may favor the maintenance of the R factors carrying this drug marker. In addition, the extensive use of antibiotics causes relevant changes in the composition of normal bacterial communities associated to a particular fish organ and, hence, can constitute a possible source of future disease problems.
The paucity of studies in which physical evidence of the transmissible R plasmids possessed by fish bacteria was demonstrated or secondary matings were conducted is noteworthy. These questions are of particular importance in the investigation of the water-borne dissemination of R plasmids, since untreated effluents from hatcheries are known to receive large numbers of bacteria (6) which are pathogenic either for fish or homoiothermic animals (9, 19, 27 
